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Abstract China has the world’s largest population and a 
large and critically important agricultural sector. Sixty-five 
percent of the Chinese population lives on paddy rice. 
However, drought disasters frequently afflict China’s rural 
population and threate n its food security. It is therefore of 
paramount importance to assess the drought risk of paddy in 
China. We establish a quantitative risk assessment model for 
the drought risk of mid-season paddy and regional-specific 
vulnerability curves, evaluate the drought risk of mid-season 
paddy, and compile a series of risk maps. The drought 
disaster risk rating results indicate that risk is highest in North-
east China, followed by Northwest China, North China, and 
South China, showing a decreasing trend from north to south. 
The mid-season paddy area of Northeast China has the 
highest mean risk index (0.58–0.71), followed by northwestern 
provinces such as Inner Mongolia and Xinjiang (0.5–0.6), 
while risk indices in provinces of North China such as Hebei 
and Shandong range from 0.3–0.5, and the southern prov-
inces show a relatively low level of risk. This article presents 
the preliminary results of a scientific inquiry on where the 
high drought risk areas of mid-season paddy are and how high 
the risk is. These results provide a regional-specific basis for 
drought risk governance of paddy in China.
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1 Introduction
Drought is the most widespread natural disaster and causes 
the biggest losses in agriculture around the world. Nearly 
half of the countries in the world suffer from drought (UNDP 
2004; IPCC 2007). China experiences frequent, spatially 
extensive, and lasting droughts that cause the most severe 
losses to the agricultural economy (Wang et al. 2002; Wang 
et al. 2005). Paddy rice is the most important grain crop 
in China. Sixty-five percent of the Chinese population lives 
primarily on paddy rice and more than one third of the grain 
yield in China comes from rice paddy. In 2008, paddy rice 
constituted 37 percent of the total grain yield in China 
(Department of Cropping Administration, Ministry of Agri-
culture 2010). Drought disasters often cause reduction in rice 
production or even total crop failure. During the Chongqing 
summer drought in 2006, in Sichuan Province and Chongqing 
Municipality alone 3.2 million hectares of paddy rice and 
other autumn grain crops were affected with an unusually dry 
area of 1.87 million hectares and a production loss of 
9.83 million tons, resulting in a direct economic loss of RMB 
21.17 billion Yuan. According to available statistics, between 
1978 and 2008, the annual average area of paddy suffering 
from drought in China reached 30 million hectares (NDRCC 
2008). Drought disasters afflicting paddy rice production 
have severely threatened food security in China. Therefore, 
studying the drought risk of paddy in China and preventing 
catastrophic agricultural disaster risk have become urgent 
issues for the sustainable development of agriculture (Shi 
2009). 
Chinese paddy rice production is typically divided into 
early-season paddy, mid-season paddy (including single-
season paddy), and double-cropping late-season paddy. The 
proportions of total planted area in 2008 were 21 percent, 
56 percent, and 23 percent, respectively. Since mid-season 
paddy constitutes the highest proportion of paddy yield and 
is most widespread, we studied the drought risk during its 
growing season. We established regional-specific drought 
vulnerability curves, conducted an assessment of drought 
risk nationwide, and analyzed the temporal-spatial patterns in 
order to provide a scientific basis for regional-specific drought 
disaster reduction of paddy. This is of great significance to 
reducing drought losses and stabilizing grain production in 
China. 
2 Basic Data
According to the theory of regional disaster systems, drought 
disasters result from the combined effect of the instability 
of the disaster-formative environment, the severity of hazards, 
and the vulnerability of the exposure units (Shi 2002, 2005), 
paddy crops in this case. Therefore, the drought risk assessment 
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of mid-season paddy needs to be based on historical data such 
as precipitation, exposure of paddy fields, and cases of 
drought losses in order to calculate vulnerability and the risk 
of drought disasters (Table 1). 
To define the spatial exposure of mid-season paddy to 
drought, we extracted the polygon features labeled as paddy 
field on the 1:1,000,000 national land-use map by ArcGIS 
to approximate the distribution of Chinese mid-season 
paddy. By overlaying this result with China’s paddy cropping 
regionalization map, we established a database of Chinese 
mid-season paddy (with a spatial resolution of 1 km). 
3 Quantitative Risk Assessment Model 
for Drought Disaster of Mid-Season Paddy
Usually, disaster risk is defined as the probability of a 
hazard in the future and the possible losses resulting from it: 
Disaster Risk = f (Hazard, Exposure, Vulnerability) (UNDP 
2004; ADRC 2005). Since the distribution and cropping 
system of rice paddy in China are complex and natural 
conditions and drought vulnerability of paddy in different 
regions vary significantly, it is necessary to carry out regional-
specific assessments in the study of drought disaster risk 
of paddy. With regard to the reason for a regional-specific 
assessment (Why), the way to carry out this assessment 
(How), and the purpose of such an assessment (What), this 
research establishes a theoretical framework—the Regional 
Assessment–Vulnerability Variation (RAVV) framework 
(Figure 1). 
Based on the RAVV framework, this research establishes 
a quantitative risk assessment model for drought disasters to 
calculate the exceeding probability of drought in the growing 
period of mid-season paddy and the regional-specific drought 
vulnerability curves for the four regions defined by the paddy 
cropping regionalization of China and calculate the risk prob-
ability distribution of drought disasters of different frequen-
cies, and develops a 1 km grid risk map of mid-season paddy 
drought risk. This provides a quantitative basis for reducing 
drought vulnerability and the risk of drought disasters for 
paddy in China.
3.1 Calculating Exceeding Probability of Drought 
Hazard Severity
The major indicators for drought risk assessment include pre-
cipitation anomalies (in percent), the standard precipitation 
index (SPI), the relative moisture index (RMI), the compound 
drought index (CI), and the Palmer drought severity index 
(PDSI) (China Meteorological Administration 2006). Among 
them, precipitation anomalies can properly represent the 
abnormal conditions of precipitation within a certain period 
as compared to the average values. Because this indicator has 
a straightforward meaning and is simple to calculate, it is 
widely used. With the long-term seasonal (April–September) 
average precipitation at various weather stations from 
1971–2000 as reference and daily precipitation for the same 
season from 1966–2005 (40 years) aggregated into seasonal 
totals for each year as input data, we calculate precipitation 
anomalies within the growing period of mid-season paddy 
(April–September) and use this as the main indicator for 
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Where, h is drought hazard severity, representing the precipi-
tation anomaly within a certain period of time, P represents 
the actual precipitation (mm) within the same time period, 
and P– represents the long-term average precipitation (mm) 
of the same period. The national standard Classification of 
Meteorological Droughts (GB/T20481-2006) issued by the 
China Meteorological Administration (2006) (Table 2) is used 
for categorizing drought hazard severity. 
Exceeding probability (EP) of drought hazard is the prob-
ability that a certain magnitude of drought will be surpassed 
in a given time period, which can be calculated using Eq. 2. 
By calculating the exceeding probability at each weather 
station and through spatial interpolation in ArcGIS, we derive 
the spatial distribution of drought hazard severity (h) for 
China at four recurrence intervals (once in 5 years, once in 
10 years, once in 20 years, and once in 40 years) for each 
1 km × 1 km grid. 
 P th t
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Table 1. Basic data sources for assessing the drought risk of mid-season paddy in China
Data Description Source Year
Ground meteorological 
observations 
Precipitation, temperature, and wind speed at 
752 weather stations of China
National Meteorological Information Center of 
China Meteorological Administration
1966–2005
Land use Spatial distribution of paddy fields 1:1,000,000 China Land-Use Vector Format GIS 
Map (IGSNRR, CAS 2000)
2000
Paddy-based production Paddy yield and cropping area by counties China County and City Socioeconomic Statistical 
Yearbook (National Bureau of Statistics of China 2001)
2001
Paddy cropping regionalization China Paddy Cropping Regionalization Vector 
Map
Agridata (Chinese Academy of Agricultural Sciences 
2010)
2010
Paddy phenology China Paddy Phenological Period Vector Map China National Agricultural Atlas (CAS 1989) 1989
Database of cases of drought 
losses
Drought-affected and severely impacted areas 
and no harvest areas, production loss, etc.
China Meteorological Disasters Collection (Ding 2008); 
China Agricultural Statistical Data (Chen 2009)
1970–2008
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Figure 1. Framework for assessing the drought risk of paddy in China—the Regional Assessment–Vulnerability Variation 
(RAVV) framework (1, 2, 3, and 4 are area codes; H represents hazard severity; V represents vulnerability to droughts; and R 
is risk)




1 Drought free -40< h -25< h -15< h
2 Light drought -60< h <-40 -50< h <-25 -30< h <-15
3 Medium drought -80< h <-60 -70< h <-50 -40< h <-30
4 Severe drought -95< h <-80 -80< h <-70 -45< h <-40
5 Exceptional drought h≤-95 h≤-80 h≤-45
Source: China Meteorological Administration 2006.
Where, P(h,t) represents the exceeding probability of drought 
hazard at severity h; t represents the recurrence interval of 
certain drought hazard severity, n represents the number of 
years of input data, from 1966–2005 (40 years, yearly total 
precipitation for the growing season).
3.2 Establishing Regional Drought Vulnerability 
Curves for Mid-Season Paddy
The establishment of vulnerability curves is the basis for the 
quantitative assessment of disaster vulnerability (Birkmann 
2006, 2007). In order to conduct a regionally differentiated 
drought assessment, the Chinese mid-season paddy area is 
divided into four main regions: South China, North China, 
Northeast China, and Northwest China, while the Qinghai-
Tibet Plateau is not considered because it is not suitable for 
growing paddy. Based on the cases of drought disaster losses, 
we establish the correlation between drought hazard severity 
(h) and drought disaster affected ratio (the ratio of the disaster 
affected area to the total mid-season paddy cropping area in 
a region), and use the non-linear statistical model in Matlab 
7.1 for multiple fitting and accuracy testing and regression 
to obtain the regional vulnerability to drought curve of 
mid-season paddy (Eq. 3).
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Where, Y(h) represents the drought disaster affected ratio 
under certain drought hazard severity h; a, b, c, and d are 
model parameters. Vulnerability is usually portrayed as 
the susceptibility to be harmed (Adger 2006). In this article, 
regional drought vulnerability is defined as the potential 
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disaster affected ratio of a region under certain drought stress. 
With the same drought hazard severity, the larger the drought 
disaster affected ratio, the higher the vulnerability of the 
region. 
3.3 Calculating the Drought Disaster Risk of Mid-
Season Paddy
The drought disaster risk of mid-season paddy for each 1 km × 
1 km grid is the product of the exceeding probability of 
drought hazard at severity h and the drought disaster affected 
ratio under the corresponding hazard severity h (Eq. 4).
 R P Yh t h= ¥( , ) ( )  Eq. 4
Where, R represents the drought disaster risk index; P(h,t) 
represents the exceeding probability of drought hazard at 
severity h; Y(h) represents the drought disaster affected ratio 
under the corresponding drought hazard severity h. 
4 Results and Analysis
Based on the quantitative risk assessment model for drought 
disaster of mid-season paddy, the severity of drought hazard, 
drought vulnerability, and the risk of drought disaster for 
mid-season paddy in China are assessed in this section.
4.1 Severity Assessment of Drought Hazard for Mid-
Season Paddy in China
Figure 2a–d shows the distribution of drought hazard severity 
for mid-season paddy (Eq. 1) at four drought recurrence 
intervals. With increasing recurrence intervals (from once in 
5 years to once in 10, 20, and 40 years), areas suffering from 
severe drought and exceptional drought in China increase, 
areas free of drought and suffering from only light drought 
decrease, and areas of medium drought first increase and then 
decrease. 
At the 5-year recurrence interval, drought impact was 
basically below the light drought level (97.6 percent of the 
area was in a state of light drought or drought free), without 
any area of severe drought and exceptional drought. At the 
recurrence interval of once in 10 years, areas of exceptional 
drought and severe drought started to appear, but the propor-
tion was extremely low. Areas of medium drought expanded 
to 33.8 percent and areas of light drought decreased to 
58.7 percent, while the drought-free areas disappeared. Under 
droughts of this recurrence interval, mid-season paddy 
suffered from drought to various degrees, with medium level 
and more severe droughts mainly concentrated in Northwest 
China, North China, and the northern part of the Yangtze 
River Basin. Under droughts of 20-year recurrence interval, 
the areas at risk of drought at and above the medium 
level expanded significantly (85 percent); areas of medium 
drought increased to 54.1 percent, areas of severe drought and 
exceptional drought decreased to 19.6 and 12.6 percent, and 
areas of light drought decreased significantly to 13.8 percent. 
Areas of exceptional drought were mainly concentrated in 
Northwest China, the central-southern part of North China, 
and the northern part of the Yangtze River basin. Under 
droughts of once in 40 years, areas of exceptional drought 
in the northern part of the Yangtze River Basin spread 
significantly, the impact level in Southwest China and the 
southern part of Guangdong Province increased sharply and 
67 percent of the mid-season paddy area was in the category 
of severe drought or exceptional drought and the drought area 
below medium level basically disappeared. Under droughts 
of this recurrence interval, mid-season paddy in China 
suffered from drought above the medium level and areas of 
exceptional drought accounted for 43.1 percent of the entire 
mid-season paddy areas. 
The severity of drought hazard for mid-season paddy 
shows a significant difference between the south and the north 
(Figure 2a–d): drought severity in Northwest China, North 
China, and the Yangtze River Basin is relatively high, but 
relatively low in Northeast China and South China, while 
drought severity in the Sichuan Basin remains at a relatively 
low level as well. As the recurrence interval increases, 
the areas of exceptional drought and severe drought clearly 
expand southeastward. 
Northwest China, North China, and the Yangtze River 
Basin are the high-severity regions of drought hazard for 
mid-season paddy. Especially in the Northwest and the north-
ern region of the Yangtze River Basin, drought severity is 
extremely high at any recurrence interval and special atten-
tion needs to be paid to drought prevention. The Northwest 
is the region of high drought prevalence in China, with low 
annual precipitation and high spatial and temporal variability. 
The middle and lower reaches of the Yangtze River have 
relatively abundant precipitation, but with uneven temporal 
distribution, both seasonally and interannually. Additionally, 
due to the impact of the unstable monsoon climate, continu-
ously high-temperature and low-rainfall weather occurs 
frequently during the critical June/July growing period for 
mid-season paddy, resulting in late summer drought and 
even combined summer and autumn drought that increases 
the drought severity of mid-season paddy in the region. The 
paddy areas in Northeast China and South China are the main 
mid-season paddy cropping areas in China, with much higher 
precipitation and more surface water resources as compared 
with Northwest China and North China, and thus have a 
lower risk of drought. 
4.2 Vulnerability Assessment of Mid-Season Paddy in 
China
Based on Eq. 2, the mid-season paddy drought vulnerability 
curve function (Eq. 5–8) and vulnerability curve fitting graph 
(Figure 3a-d) are obtained for the four main regions. Y(h) 
represents the drought disaster affected ratio; h is the drought 
hazard severity index. The vulnerability curve fitting values 
R2 for the four regions are 0.843, 0.824, 0.901, and 0.819, all 
have passed the significance test. 
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Figure 2. Distribution of the drought hazard severity index for mid-season paddy at four drought recurrence intervals
South China: Y(h) = 0.355 / (1 + 6.490 
  × Exp((–4.765) × h)) + 0.040 Eq. 5
North China: Y(h) = 2.287e5 / (1 + 7.027e5 
  × Exp((–0.530) × h))–0.140 Eq. 6
Northeast China: Y(h) = 0.544 / (1 + 56.892 
  × Exp((–6.752) × h)) + 0.186 Eq. 7
Northwest China: Y(h) = 0.407 / (1 + 9.942 
  × Exp((–5.524) × h)) + 0.178 Eq. 8
By comparing the disaster impact at maximum hazard 
severity (Figure 3a–d), we can see that mid-season paddy 
vulnerability to drought is highest in Northeast China, 
followed by Northwest China and North China, while in 
South China vulnerability is lowest. Vulnerability in the north 
is higher than in the south. Due to the warming and drying 
trend in the north over the last five decades, some studies 
have indicated that the northeastern paddy area is a highly 
sensitive region impacted by climate change (Fu and Ma 
2008). Weak and variable monsoon influence in the region 
also results in higher vulnerability to drought of mid-season 
paddy. The northwestern region has low annual precipitation 
and high seasonal and interannual variability in precipitation. 
Rapid industrialization and urbanization in the area compete 
with paddy cropping for water and lead to relatively high 
vulnerability of mid-season paddy in the region. Due to the 
impact of the monsoon climate, precipitation in North China 
is also erratic. However, since most paddy areas in the region 
have well-developed irrigation infrastructure, vulnerability to 
drought is relatively low here. South China is the region most 
suitable for growing mid-season paddy given its optimal light, 
temperature, and water resource conditions. At the same time, 
mid-season paddy vulnerability to drought is also the lowest 
compared with all other regions. 
When drought hazard severity changes from 0.6 to 0.8, the 
mid-season paddy vulnerability index increases sharply in all 
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Figure 3. Vulnerability to drought of mid-season paddy in China
four regions and the rate of increase in Northeast China and 
Northwest China is higher than in North China and South 
China. Taking Northeast China as an example, when the haz-
ard severity index increases from 0.6 to 0.8, vulnerability 
changes from 0.2 to 0.6. When drought severity is at medium 
and high levels, the drought impact is high and it becomes 
necessary to take preventive measures during this period in 
order to effectively reduce losses. 
4.3 Drought Risk Assessment of China’s Mid-Season 
Paddy
Based on the risk model of drought disaster (Eq. 4), the spatial 
distribution of mid-season paddy drought risk at 5-year, 10-
year, 20-year, and 40-year recurrence intervals (Figure 4) 
is obtained. For easy comparison, disaster risk is classified 
into five grades: a risk index of 0.1–0.3 represents low risk; 
0.3–0.4 represents relatively low risk; 0.4–0.5 represents 
medium risk; 0.5–0.6 represents relatively high risk; and a 
risk index above 0.6 represents high risk. 
A comparison of the resulting graphs of the risk of drought 
disaster for mid-season paddy in China (Figure 4) shows a 
declining trend from Northeast China, Northwest China, 
North China, to South China, and the difference between the 
level of risk in the north and the south is very clear. Regional 
differentiation in climatic conditions, especially the differ-
ence between water and temperature conditions in the north 
and the south, is the main reason for the regional variation of 
drought disaster risk of mid-season paddy. 
In view of the regional drought disaster system, there 
are mainly two reasons for this difference: (1) drought hazard 
severity is higher in the north than in the south; and (2) vul-
nerability of mid-season paddy is also higher in the Northeast 
and Northwest regions than in North China and South China. 
The regional difference in vulnerability has contributed 
greatly to the results of the risk assessment. For instance, the 
drought hazard severity of Northeast China is not particularly 
high, but the extremely high vulnerability of mid-season 
paddy results in the high drought disaster risk of mid-season 
paddy. It also illustrates that drought disaster risk of crops 
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results from the combined effect of the hazard and the vulner-
ability of the exposure units (paddy crops), as well as the 
instability of the local environment. 
By extracting statistics of disaster risk within each prov-
ince in China, the mean and standard deviation of risk values 
of drought disaster of mid-season paddy within different 
provinces are derived. Since risk among provinces differs 
the most at the 10-year recurrence interval, our analysis is 
focused on comparing the mean value and standard deviation 
of risk for different provinces at the 10-year recurrence 
interval level. In view of the mean risk value (Figure 5), 
the Northeast region (Heilongjiang, Jilin, and Liaoning 
Provinces) has extremely high values (at 0.58–0.71). For the 
Northwest region including Inner Mongolia, Xinjiang, 
and Ningxia, the risk value (at 0.5–0.6) is lower than in the 
Northeast, while the risk value for the provinces in North 
China such as Beijing, Tianjin, Hebei, Shandong, and Shanxi 
is only 0.3–0.5, lower than in the Northeast and Northwest as 
a whole, and the risk value of the vast southern provinces is 
even lower. 
The standard deviation of risk value within each province 
reflects the spatial difference of risk within the province. 
Since Inner Mongolia has greatly varied natural conditions 
from the east to the west and is at the transitional zone 
between agriculture and animal husbandry with very high 
ecological vulnerability, mid-season paddy production in the 
province is very unstable and the spatial variation of drought 
disaster risk of mid-season paddy is the highest although its 
mean value is not particularly high. Difference in risk within 
Liaoning Province is also very high. In Sichuan, Chongqing, 
and Yunnan of the southwest, mean risk values are relatively 
low but standard deviation of risk values within each of 
these provinces is higher than most of the other southwest 
provinces. The southwestern region is rich in surface water 
resources, but with a complex topography and unstable 
climatic system, showing a high internal spatial difference of 
Figure 4. Drought disaster risk of mid-season paddy in China
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drought risk. During the severe drought of the five south-
western provinces in the spring of 2010, the drought condi-
tions were relatively severe for the region as a whole but 
differed greatly between provinces and areas of different 
topography. 
5 Conclusion
Based on the theory of regional disaster systems and the 
regionally differentiated characteristics of paddy production, 
this article carried out a quantitative assessment of drought 
disaster risk for mid-season paddy in China. Based on the 
exceeding probability of drought hazard and vulnerability 
curves by regions, we evaluated for the first time the risk of 
drought disaster for mid-season paddy in China and compiled 
risk maps of drought disaster at four recurrence intervals, 
which can be a useful reference for the future study of 
agricultural drought disasters. 
Northwest China, North China, and the Yangtze River 
Basin are the high-severity regions of drought hazard for 
mid-season paddy; the Northeast has the highest mid-season 
paddy vulnerability, followed by Northwest China and North 
China, while drought disaster risk is lowest in the south. 
By attaching special importance to the prevention of drought 
hazard of medium and high severity, the vulnerability of 
mid-season paddy can be significantly reduced. The risk of 
drought disaster for mid-season paddy in China shows a clear 
declining trend from Northeast China to Northwest China, 
North China, and South China, and the difference between 
the level of risk in the north and the south is significant. By 
quantitatively assessing risk by regions, this article offers a 
preliminary answer to where the high risk areas of drought 
disaster for mid-season paddy are and how high the risks are, 
and provides a regional-specific basis for risk prevention of 
drought disasters for paddy.
One of the deficiencies in this research is that due to the 
lack of highly accurate distribution data of mid-season paddy 
in China, paddy fields from a land-use map were taken as the 
areas of mid-season paddy cropping, which differ somewhat 
from the actual distribution range of mid-season paddy. 
Second, when establishing the regional vulnerability curves, 
due to limitations such as inadequate data of paddy drought 
loss cases, we assumed uniform distribution of rice variety 
and growing period in each region. In the future, based on 
more detailed data on variety, growing season, and corre-
sponding drought losses within each region, the vulnerability 
curves can be refined to increase the spatial-temporal 
resolution of the vulnerability assessment. 
In building the risk assessment model for mid-season 
paddy, this research has taken into account hazard severity, 
exposure, and vulnerability of the exposure units (paddy 
crops). In the future by including factors of the disaster 
formative environment such as topography and disaster cop-
ing capacities such as irrigation conditions in the risk assess-
ment model, the accuracy of the results can be improved. 
Furthermore, the risk probability distribution calculated in 
this research was based on historical data from 1966–2005, 
without taking into consideration future climate change. As 
a next step, the risk assessment model can be matched with 
the General Circulation Model by scenarios to achieve an 
improved quantitative assessment of drought disaster risk for 
paddy under global climate change. 
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